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We performed a prospective cohort trial on 220 patients undergoing elective off-pump 
coronary artery bypass surgery and taking aspirin to evaluate the effect of aspirin resistance 
on myocardial injury. The patients were divided into aspirin responders and aspirin non- 
responders by the value of the aspirin reaction units obtained preoperatively using the 
VerifyNow™ Aspirin Assay. The serum levels of troponin I were measured before surgery 
and 1 , 6, 24, 48 and 72 hr after surgery. In-hospital major adverse cardiac and 
cerebrovascular events, graft occlusion, the postoperative blood loss and reexploration for 
bleeding were recorded. Of the 220 patients, 181 aspirin responders (82.3%) and 39 aspirin 
non-responders (17.7%) were defined. There were no significant differences in troponin I 
levels (ng/mL) between aspirin responders and aspirin non-responders: preoperative (0.04 + 
0.08 vs 0.03 + 0.06; P=0.56), postoperative 1 hr (0.72 + 0.87 vs 0.86+ 1.10; P=0.54), 
6 hr (2.92 + 8.76 vs 1.50 ±2.40; P=0.94), 24 hr (4.16 + 13.44 vs 1 .25 ± 1 .95; P=0.52), 
48 hr (2.15 + 7.06 vs0.65 + 0.95; P= 0.64) and 72 hr (1 .20 + 4.63 vs 0.38 + 0.56; P = 
0.47). Moreover, no significant differences were observed with regard to in-hospital 
outcomes. In conclusion, preoperative aspirin resistance does not increase myocardial 
injury in patients undergoing off-pump coronary artery bypass surgery. Postoperative dual 
antiplatelet therapy might have protected aspirin resistant patients. 
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INTRODUCTION 

Aspirin has been one of the most popular drugs in modern med- 
icine. Aspirin induces platelet dysfunction by irreversible inhi- 
bition of the cyclooxygenase-1 enzyme in platelets (1). This plate- 
let inhibitor has been successfully used to prevent cardiovascu- 
lar complications for high risk patients. Moreover, aspirin is also 
useful for treating coronary artery bypass graft surgery (CABG) 
patients. First, perioperative use of aspirin decreases vein graft 
failure (2, 3). Second, aspirin has also been proven to decrease 
perioperative cardiovascular complications and consequently, 
the morbidity and mortality (4). 

However, in some patients, their platelets are still active even 
when taking aspirin medication and in these aspirin resistant 
patients, aspirin medication is not effective to prevent cardiovas- 
cular complications (5, 6). In patients undergoing CABG, aspi- 
rin resistance is known to be related with graft failure (7, 8). How- 
ever, the effect of aspirin resistance on the early outcome of pa- 
tients who are undergoing off-pump coronary artery bypass sur- 
gery (OPCAB) has rarely been studied. 

The aim of this study was to evaluate the effect of aspirin re- 



sistance on myocardial injury in patients undergoing OPCAB. 
So, aspirin resistance was preoperatively evaluated in the patients 
undergoing OPCAB, and perioperative myocardial injury was 
measured by assessing the postoperative myocardial enzyme 
levels. The early clinical outcomes, including the in-hospital 
major adverse cardiac and cerebrovascular events (MACCEs), 
postoperative blood loss and reexploration for bleeding, were 
also recorded. 

MATERIALS AND METHODS 
Patients 

This study is a prospective cohort trial of patients who were un- 
dergoing elective OPCAB and the medical records were stored 
in a fully- automated electronic chart system. After receiving in- 
stitutional review board approval on 21 November 2008 and in- 
formed written consent from all the patients was obtained, we 
enrolled the elective OPCAB patients who were taking aspirin 
(Aspirin Protect®, Bayer AG, Leverkusen, Germany). The exclu- 
sion criteria were co-medication of any other anticoagulation 
medication such as antiplatelet agents, glycoprotein Ilb/IIIa ki- 
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hibitors, non-steroidal anti-inflammatory drugs, major com- 
bined operations such as mitral valve replacement, the preop- 
erative use of a mechanical heart assist device and an emergen- 
cy operation. The patients who had a hematocrit under 30% were 
also excluded according to the manufacturer's instructions for 
the VerifyNow™ Aspirin Assay (Accumetrics Inc., San Diego, 
CA, USA). The patients received aspirin (100 mg/day) until the 
day before surgery and they resumed taking aspirin (100 mg/ 
day) together with taking ticlopidine (200 mg/day) on the first 
postoperative day. 

Anesthesia and surgical technique 

All the anesthesia procedures were supervised by a single anes- 
thesiologist with using the same anesthetic protocol. Anesthesia 
was induced with intravenous midazolam (0. 15 mg/kg), vecuroni- 
um (0.1 mg/kg) and sufentanil (1 ug/kg), and it was maintained 
with inhaled sevoflurane (1-2 MAC vol%) and intravenous remi- 
fentanil (0.8 (.ig/kg/min) and vecuronium (1.5 itg/kg/min). 

All the surgical procedures were performed by one surgeon 
with the same surgical technique. After a median sternotomy, 
the left internal thoracic artery was harvested as a bypass con- 
duit. The saphenous vein or right gastroepiploic artery was used 
to make Y-grafts or I-grafts, if necessary. The conduits were im- 
mersed in warm diluted papaverine saline solution (1 mg/mL). 
Systemic heparinization was achieved with an initial dose of 1 .5 
mg/kg heparin, and this was maintained with additional hepa- 
rin doses to reach an activated clotting time above 300 sec. After 
the pericardium was opened, two deep pericardial sutures were 
placed for pericardial retraction and exposure. To facilitate anas- 
tomosis, the heart was stabilized with a compression-type stabi- 
lizer (Ultima Stabilizer; Guidant, Cupertino, CA, USA) or a suc- 
tion-type mechanical stabilizer (Octopus; Medtronic, Minne- 
apolis, MN, USA). The most critical vessel, which was the left 
anterior descending artery in the majority of the patients, was 
revascularized first. After the completion of anastomosis, the 
effect of heparin was reversed with protamine. 

Assays for platelet function 

Assays for platelet function were performed using the VerifyNow™ 
Aspirin Assay (Accumetrics Inc.) the day before surgery, which 
was when the patients had been administered aspirin medica- 
tion, to evaluate for aspirin resistance. The VerifyNow™ Aspirin 
Assay contains fibrinogen-coated microparticles of arachidonic 
acid. If aspirin produces the antiplatelet effect, then the aggrega- 
tion of the fibrinogen-coated microparticles does not occur, and 
the light transmission does not increase. The instrument mea- 
sures the change of light transmission caused by platelet aggre- 
gation. This test's results were expressed as aspirin reaction units 
(ARU), and aspirin resistance was defined as an ARU value > 550 
in spite of continuing aspirin medication according to the man- 
ufacturer's reference values. The patients were divided into two 



groups by the ARU value: aspirin responders (ARU < 550) and 
aspirin non-responders (ARU > 550). 

Data collection 

The preoperative data, including demographic data, co-morbid- 
ities, medications and ARU values, were recorded. The intraop- 
erative data such as duration of surgery and type of graft were 
recorded. The serum concentration of troponin I was measured 
before surgery and 1, 6, 24, 48, and 72 hr after surgery. The post- 
operative blood loss during the 12 hr after surgery was recorded 
as the volume of the mediastinal and pleural chest tube drainage. 
The total number of units of packed red blood cells given dur- 
ing the intraoperative and postoperative hospitalization period 
was recorded. Reexploration for bleeding was defined as surgi- 
cal reoperation that was performed to control the bleeding that 
occurred after the OPCAB. MACCEs, graft occlusion, the length 
of stay in the intensive care unit (ICU) and the length of hospi- 
talization after surgery were recorded. A MACCE was defined as 
postoperative myocardial infarction, postoperative stroke, re- 
peated revascularization and death during the same hospital 
admission period. Postoperative myocardial infarction was de- 
fined by serum levels of troponin I greater than 8.35 ng/mL at 
24 hr after surgery (9, 10). Postoperative stroke was defined as a 
new neurological deficit, as determined by a neurologist, that 
occurred postoperatively and it persisted for more than 24 hr. 
Repeat revascularization was defined as an intervention on the 
grafts or the grafted native vessels. Death was defined as death 
regardless of cause. Coronary angiography was performed on 
days 1 to 3 and at 1 yr after surgery to determine the patency of 
grafts. Graft occlusion was defined as no flow through one or 
more grafts. 

Statistical analysis 

The primary endpoint of this study was to evaluate the effect of 
preoperative aspirin resistance on the serum levels of troponin I 
during the first postoperative day after OPCAB. In our pilot study, 
16% of the patients had aspirin resistance. This was compatible 
with the results (6.7%-23%) of the previous studies that used the 
VerifyNow™ Aspirin Assay (1 1). In our previous data, the tropo- 
nin I level was 1.60 ± 1.15 ng/mL at the first postoperative day. 
We determined that 28 patients and 144 patients would be re- 
quired in each group to achieve 80% power and an alpha level 
of 0.05 to detect a 0.6 ng/mL difference in the troponin I levels, 
which we assumed to be a clinically significant value with an 
standard deviation of 1.15 ng/mL. 

Statistical analysis was conducted with SPSS 12.0 for Windows 
(SPSS Inc., Chicago, IL, USA). The data is presented as mean ± 
SD or the number of patients (percentage). Categorical data was 
compared with the chi-square test or Fisher's exact test. Contin- 
uous data between the groups was compared by unpaired Stu- 
dent's t- tests for the normally distributed variables and the Mann- 
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Whitney rank sum test for the non-normally distributed variables. 
Differences were considered significant at P values < 0.05. 

Ethics statement 

Institutional review board of the Seoul National University Hos- 
pital approved this study (Ref: H-081 1-052-262). Written in- 
formed consent was obtained from all participants. 

RESULTS 

We enrolled a total of 220 patients (Fig. 1). Of the 220 patients, 39 
(17.7%) had aspirin resistance. The aspirin responders had 447.8 
± 42.3 ARUs and the aspirin non-responders had 602 ± 38.2 ARUs. 
Table 1 displays the patients' characteristics. There were no sig- 
nificant differences between the two groups for age, the body 
mass index, preoperative comorbidities and the cardiac profile 
and medications except dyslipidemia. The number of anasto- 
mosis was also equivalent between the aspirin responders and 
non-responders (2.9 ± 0.7 vs 3.0 ± 0.8, respectively, P = 0.78). 

The perioperative troponin I levels are presented in Table 2. 
There were no significant differences in the troponin I levels be- 
fore surgery and 1, 6, 24, 48, and 72 hr after surgery between the 
two groups. 

There were no significant differences of the duration of sur- 
gery, the type of graft, the postoperative blood loss, the trans- 
fused packed red blood cells and the rate of reexploration for 
bleeding between the two groups (Table 3). There were also no 
significant differences in the length of stay in the ICU, the length 
of hospitalization after surgery, graft occlusion and MACCEs 
between the two groups (Table 3). 



Table 1 . Patient characteristics 



Assessed for eligibility 
(N = 300) 



Enrollment 



VerifyNow™ aspirin 
assay 



Result < 550 ARU 




Excluded (n = 80) 

Not meeting inclusion criteria 

(n = 75) 
Declined to participate (n = 5) 



Result > 550 ARU 



Allocated to 
aspirin responders 
(n = 181) 



Analyzed (n = 181) 



Allocated to aspirin 
non-responders 
(n = 39) 



Analyzed (n = 39) 





Aspirin 


Aspirin 






responders 


non-responders 


rvalue 




(n = loi) 


(n = jy) 




Age (yr) 


63.9 + 8.8 


65.1 + 10.8 


0.47 


Male gender (%) 


129(71.3) 


33 (84.6) 


0.09 


Body mass index (kg/m 2 ) 


25.1 + 2.9 


24.5 + 2.8 


0.22 


Current smoker 


58 (32.0) 


7(17.9) 


0.08 


Comorbidities 








Hypertension 


135 (74.6) 


30 (76.9) 


0.76 


Diabetes mellitus 


89 (49.2) 


22 (56.4) 


0.41 


Dyslipidemia 


93 (51 .4) 


12(30.8) 


0.02 


History of Ml 


22 (14.9) 


8 (20.5) 


0.39 


Cardiac profile 


Preoperative PCI 


24 (13.3) 


7(17.9) 


0.45 


LV ejection fraction (%) 


57.4 + 10.0 


54 ± 11.6 


0.10 


Past medications 








Beta blocker 


98(54.1) 


23 (59.0) 


0.58 


Calcium channel blocker 


93 (51 .4) 


17(43.6) 


0.38 


ACE inhibitor/antagonist 


80 (44.2) 


19(48.7) 


0.61 


Cholesterol-lowering drug 


112(61.9) 


19(48.7) 


0.13 


Nitrates 


112(61.9) 


26 (66.7) 


0.58 



Values are either the number of patients (percentage) or mean + standard deviation. 
ACE, angiotensin-converting enzyme; LV, left ventricular; Ml, myocardial infarction; PCI, 
percutaneous coronary intervention. 



Table 2. Troponin I levels (ng/mL) 





Aspirin 
responders (n = 181) 


Aspirin 
non-responders (n = 39) 


P value 


Preoperative 


0.04 + 0.08 


0.03 + 0.06 


0.56 


Postoperative 








1 hr 


0.72 + 0.87 


0.86 + 1.10 


0.54 


6 hr 


2.92 + 8.76 


1.50 + 2.40 


0.94 


24 hr 


4.16 + 13.44 


1 .25 + 1 .95 


0.52 


48 hr 


2.15 + 7.06 


0.65 + 0.95 


0.64 


72 hr 


1 .20 + 4.63 


0.38 + 0.56 


0.47 



The data is expressed as mean + standard deviation. 
Table 3. In-hospital outcomes 





Aspirin 


Aspirin 






responders 


non-responders 


P value 




(n = 181} 


(n = 39) 




Duration of surgery (min) 


441.5 + 60.5 


429.9 + 52.2 


0.22 


Type of graft 








Saphenous vein 


4 (2.2) 


2(5.1) 


0.29 


Right gastroepiploic artery 


173(95.6) 


36 (92.3) 


0.42 


Postoperative blood loss (mL) 


858 + 530 


883 ± 474 


0.52 


Transfused pRBCs (units) 


2.6 + 2.2 


3.0 + 2.0 


0.20 


Reexploration for bleeding 


2(1.1) 


0(0) 


1.00 


Length of stay in the ICU (hr) 


62.3 ± 77.4 


53.0 + 52.7 


0.22 


Length of hospitalization (day) 


9.8 + 10.5 


10.1 + 10.8 


0.83 


Graft occlusion 








On days 1 to 3 


8 (4.4) 


1 (2.6) 


1.00 


At 1 yr 


21 (11.6) 


6(15.4) 


0.59 


MACCEs 








Myocardial infarction 


12(6.6) 


1 (2.6) 


0.47 


Stroke 


3(1.7) 


0(0) 


1.00 


Repeat revascularization 


3(1.7) 


1 (2.6) 


0.55 


Death 


1 (0.6) 


0(0) 


1.00 


Total 


19(10.5) 


2(5.1) 


0.38 



Fig. 1 . Flow diagram. ARU, aspirin reaction units. 



Values are either the number of 
ICU, intensive care unit; MACCE 
pRBCs, packed red blood cells. 



patients (percentage) or mean + standard deviation. 
, major adverse cardiac and cerebrovascular events; 
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DISCUSSION 

In this study, there were no significant differences of the post- 
operative troponin I levels between the aspirin responders and 
non-responders among the patients who were undergoing OP- 
CAB. Moreover, there were also no significant differences of the 
early postoperative outcomes, including in-hospital MACCEs 
and postoperative bleeding. 

The beneficial effects of perioperative aspirin in CABG patients 
have been proven in previous studies. Perioperative aspirin med- 
ication improves graft patency in CABG patients (2, 12). In a study 
by Dacey et al. (13), preoperative aspirin medication decreased 
the in-hospital mortality without a significant increase in hem- 
orrhage, the requirement for blood products or the related mor- 
bidity. In the well known study by Mangano (4), early postoper- 
ative use of aspirin after CABG reduced the morbidity and mor- 
tality. 

Although OPCAB is different from CABG for the degree of 
platelet activation, dysfunction, depletion and aspirin resistance, 
there have been only a few studies in which the clinical effects of 
aspirin were evaluated in patients who were undergoing OPCAB 
(14, 15). The beneficial effect of aspirin on the patency of vein 
grafts was also proved in OPCAB patients, the same as in on- 
pump CABG patients. In a study by Poston et al. (7), aspirin re- 
sistance was an independent predictor of vein graft thrombosis 
in patients who were undergoing OPCAB. During a mean fol- 
low-up period of 30 days, the incidence of early thrombotic oc- 
clusion of vein grafts was highest in the patients who had both 
aspirin resistance and compromised endothelial integrity. In a 
study by Yilmaz et al. (8), the rate of vein graft failure was much 
higher in the aspirin resistance patients than that in the age and 
gender matched control (50% vs 7.1%, respectively). 

However, the effect of aspirin on the early clinical outcome has 
rarely been evaluated in patients who are undergoing OPCAB 
and any beneficial effect has not yet been proven. In a cohort 
study by Suwalski et al. (16), the platelet function was investi- 
gated, using a platelet function analyzer (PFA-100, Dade Beh- 
ring, Germany), in 42 OPCAB patients who continued aspirin 
therapy until surgery. On a preoperative platelet function anal- 
ysis, 13 aspirin non-responders and 29 aspirin responders were 
defined. There were no significant differences in troponin I, cre- 
atine kinase-MB and ST segment elevation between the aspirin 
responders and the aspirin non-responders. These results are 
in accord with our results that showed no significant differenc- 
es in the troponin I levels between the aspirin responders and 
the non-responders. The results of Suwalski et al. (16) study may 
suggest that aspirin medication is not effective to prevent myo- 
cardial injury and early complications in patients who are un- 
dergoing OPCAB, like the results of our study. Consequently, this 
may mean that aspirin medication is useless in terms of the ear- 
ly outcome in patients who are undergoing OPCAB. 



However, there could be other explanations for the results that 
aspirin resistance does not make any clinical difference, includ- 
ing myocardial injury, in our study. In this study, dual antiplate- 
let therapy with ticlopidine was used during the postoperative 
period. Dual antiplatelet therapy with aspirin and an ADP re- 
ceptor antagonist has shown additive benefit over aspirin mono- 
therapy in high risk patients (17, 18) and this is considered to be 
the most beneficial method for treating aspirin resistant patients 
(19). So, there is a possibility that the postoperative dual antiplate- 
let therapy in our study might have protected the aspirin non-re- 
sponders and abolished the difference between the two groups. 
In another cohort study in which aspirin resistance did not in- 
crease myocardial injury, like as in our study, enoxaparin was 
used during the postoperative period and enoxaparin is known 
to be another therapeutic option for aspirin resistance (16). 

Moreover, in our study, although statistical significance was 
not reached, troponin I levels at 6 hr, 24 hr, 48 hr, and 72 hr were 
2 to 4 times higher in aspirin responders (Table 2). The worse 
results without statistical significance in aspirin responders were 
also shown in every outcome of MACCEs. So, the rate of total 
MACCEs was almost 3 times higher in aspirin responders (Table 
3). Although there was no statistical significance, these results 
may be caused by type II error. Interestingly, these unexpected 
results without statistical significance have also been observed 
in other previous studies. One hundred seventy aspirin users 
and 170 aspirin nonusers who were undergoing OPCAB were 
reviewed in a retrospective study that used the propensity score 
matching technique (20). Although statistical significance was 
not reached as in our study, preoperative aspirin users showed 
higher incidences of stroke (0.6% vs 0%, P = 0.317), myocardial 
infarction (2.4% vs 1 .2%, P = 0.410) and sternal wound infections 
(4.7% vs 1.2%, P = 0.054) after OPCAB. In a retrospective study 
by Gulbins et al. (21), 1,147 OPCAB patients were enrolled and 
the mortality was higher in continued aspirin medication group 
(2.1% vs 1.8%) without statistical significance. In a prospective 
study by Matsuura et al. (22), changes of troponin T levels from 
before surgery to immediately after surgery were higher in pre- 
operative aspirin group (158% vs 205%, P = 0.31). These results 
may suggest that in OPCAB patients, preoperative aspirin med- 
ication might increase postoperative cardiovascular complica- 
tions. However, for this topic, we may need larger scale prospec- 
tive study. 

Although perioperative aspirin use increased the risk of bleed- 
ing in patients who were undergoing conventional pump CABG 
in several previous studies (23, 24), aspirin resistance was not cor- 
related with postoperative blood loss and the rate of reexplora- 
tion for bleeding in our study. This is consistent with a previous 
study that reported no significant differences of the postopera- 
tive blood loss and the rate of reexploration between the aspirin 
users and nonusers who were undergoing OPCAB (20). In the 
previous studies, dual antiplatelet therapy was shown to have a 
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synergistic effect on the bleeding tendency. Preoperative clopi- 
dogrel exposure increases the risk for reoperation, major bleed- 
ing and the length of stay for patients who are undergoing on- 
pump CABG (25). Preoperative clopidogrel also induced higher 
blood loss in the patients who were undergoing OPCAB (26). 
However, early postoperative use of clopidogrel, like as in our 
study, did not increase the risk of bleeding complications in on- 
pump and off-pump CABG patients (27). 

Our study has several limitations. First, aspirin resistance was 
evaluated one time preoperatively, although aspirin resistance 
has been considered to vary according to time and the clinical 
condition (28, 29). Moreover, OPCAB can cause platelet activa- 
tion and it can attenuate the effect of aspirin during the postop- 
erative period (16). Aspirin resistance can probably be detected 
more precisely using several diagnostic methods concurrently 
before and after the surgery. Second, this study was not per- 
formed in a randomized manner. A prospective randomized 
clinical trial that includes a group without aspirin medication 
may clear up whether perioperative aspirin medication is ben- 
eficial in patients who are undergoing OPCAB, but this kind of 
study may cause some ethical problems. Third, the sample size 
analysis was based on the troponin I levels. Therefore, this study 
may not be sufficiently powered with regard to other clinical out- 
comes, including MACCEs. Power analysis based on the results 
of our study determined that 3312 subjects would be required 
for 80% power for assessing MACCEs. Fourth, the difference of 
the number between two groups is large. So, the power can de- 
crease because of increasing standard error and propensity score 
matching could have been tried. However, the ratio between two 
group was already considered on the sample size analysis and 
the number of aspirin resistant patient might be too small for the 
use of propensity score matching to be advantageous. 

In this study, there were no significant differences of the post- 
operative troponin I levels, in hospital MACCEs, postoperative 
blood loss and the rate of reexploration for bleeding between 
the aspirin responders and non-responders among the patients 
who were undergoing OPCAB. In conclusion, aspirin resistance 
does not increase myocardial injury in patients who are under- 
going OPCAB. 
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Preoperative Aspirin Resistance does not Increase Myocardial Injury during 
Off-pump Coronary Artery Bypass Surgery 

Hyun Joo Kim, Jung-Man Lee, Jeong Hwa Seo, Jun-Hyeon Kim, Deok-Man Hong, Jae-Hyon Bank, Ki-Bong Kim and Yunseok Jeon 

Aspirin prevent cardiovascular complications not only in high risk patients, but also in the patients undergoing coronary artery 
bypass surgery. However, some patients are resistant to aspirin medication. Here we investigated the influence of aspirin resistance 
on myocardial injury in patients undergoing off-pump coronary artery bypass surgery. Perioperative myocardial injury was 
measured by assessing the postoperative myocardial enzyme levels. There were no significant differences between groups with 
regard to myocardial injury and in-hospital outcomes. 
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